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THE  ELEMENTS  OP  THE  ROTATION  MATRICES  IN 
TERMS  OF  RODRIGUEZ'S  PARAMETERS 


1.  INTRODUCTION 

In  quantum  mechanics  and  group  theory,  the  elements  of  the  rotation 
matrices  D  Are  expressed  in  terms  of  the  eulerian  angles  whose  mutual  in¬ 
dependence  offer  undoubted  advantages.  However,  there  is  one  application 
in  which  expressing  the  elements  of  in  terms  of  Rodriguez's  parameters, 
viz.,  the  direction  cosines  of  the  axis,  X,  p,  v,  and  the  angle  of  rotation, 

u,  may  be  very  useful.  The  application  we  are  thinking  of  is  the  calculation 

2 

of  symmetrized  combinations  of  irreducible  spherical  tensors,  particularly 
scalar  and  vector  spherical  harmonics.  In  this  case,  while  their  use  to  describe 
the  rotations  is  rather  instinctive,  the  lack  of  mutual  independence  of  Rodriguez's 
parameters  does  not  matter. 

2.  DISCUSSION 

3 

Bassani  and  Pastori-Parravir.ini,  who  restrict  their  analysis  to 
two-component  spinors,  have  used  Rodriguez's  parameters  to  study  the  rotational 
properties  of  functions.  We  will  obtain  general  expressions  for  the  elements 
of  the  matrices  D"*  ,  for  arbitrary  J,  and,  particularly  for  the  elements  of 
the  matrix  S  describing  the  rotation  of  the  cartesian  coordinates: 

*i  '  £sijxj  u> 

Recalling  that  the  matrices  D**  form  an  irreducible  representation 

of  order  2J+1  of  the  rotation  group  in  three  dimensions  on  a  basis  of  simulta- 

2 

neous  eigenvectors  of  J  and  J 


\ 


"  <  J»M'I  e1'*'  I  J.M> 


(2) 
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f  ii  the  vector  angle  of  rotation,  and  the  explicit  expression  for 
the  e  lease  ts  g£<H  la  given  (a.g.,  by  Han  mesh)4*  in  terns  of  the  Rayley- 

Elein* parameter a,  a  and  b,  as 


nJ  .  .  v  V  [ ( J+M) t ( J-M) » (  J+M* ) j ( J-H' ) t  ft 

DM'MU’b>  ~  (J+M-k)  Ik  I  (J-M‘-k)  f  (H*  -M+k)  f 

XaJ+M-k(a*)J-M,-kbk(-b*)M,-Mfk 


It  is  veil  known  that  the  Kayley-Klein  parameters  are  used  in  classical 

SMtchanica  as  a  tool  to  integrate  gyroscopic  problems}  but  for  present  pur- 

\ 

poses,  they  are  better  related  to  the  eleaents  of  D  : 


Therefore,  once  it  is  shown  that  a  and  b  can  be  expressed  in  terns  of 
X,  p,  v,  and  u,  the  task  will  be  done.  To  this  end,  notice  that  for 
J»H,  Equation  2  yields: 


0X  41  P  Oy 


(4) 


where  the  a  's  are  the  Pauli  spin  matrices.  Now,  let  us  put 


fm  X  ax  +  p  gy  +  v  - 


v  X  -  i  pi 
X  +  i  p  -  v 


then,  by  substituting  into  Equation  (4),  we  get 


(5) 


0 


a 


according  Co  Che  eusCoaary  definicion  of  Che  functions  of  a  matrix. 
Since  it  is  immediately  verified  Chat 


f2k  -1;  f2k+1  «f 


Equation  (5)  can  be  rewritten  as 


T  ( 1*  \  1  »  +  Ma> 

Y\  2  /  (2k)!  CT 


l  F 

( 2k+l ) ! 


Jcos  y  +  i  Fsin  y 


Therefore,  the  expression  for  D5  becomes 


cos  y  +  i  v  siny  i  (  X  -  i  u  )  siny 


,  .  .  U)  U)  .  .  w 

i  (  X  +  i  m  )  siny  cosy  -  iv  siny 


and  the  Kayley-Klein  parameters  take  on  the  desired  form 


lit  (o 

a  ■  cos  y  +  iv  sin  y 


b  •  i  (1  •  l  v  )  Siny 


When  dealing  with  symmetry  properties  of  sets  of  spherical 
tensors  centered  at  molecular  or  crystal  sites,  the  site  coordinates 
have  to  be  rotated  in  order  to  get  the  permutations  induced  by  the 
group  operations.  This  can  be  done  easily  through  the  use  of  the 
matrix  S  of  Equation  (1),  whose  expression  has  been  given  by  Goldstein' 
in  terms  of  a  and  b: 


(a^  +  a*^  -  b^  -  b*2)  ~  (b*^  -  b^  -  +  a*^)  -  (ab  +  a*b*) 

S  *  ^  (a^  “  a*^  -  b^  +  b*^)  -i  (a^  +  a*2  +  b^  +  b*2)  -  i(a  b -  a*  b*) 


a  b*  +  a*  b 


*  .* 


★  U  1* 

a  a  -  b  b 


Substituting  Equation  (6)  into  Equation  (7)  then  yields 


X2  +  (1  -  X2)  cos  id 


X  (I  (1  '  Cos  oj)  -  v  sin  o>  vX(l  -  cos  id)  +  y  sin  id 


2  2 

S  =  X  u  ( 1  -  cos  u  )+v  sinia  y  +  ( 1  -  y  )  cos  id 


p  v  ( 1-  cos  id)  -  X  sin  id 


2  2 

v  X  ( 1  -  cos  id  )  -  y  sin  u>  |iv  ( 1  -  cos  u))  +  XsiniD  v  +  ( 1  ~  v  )cosid 


CONCLUSION 


In  conclusion,  it  is  pointed  out  that  Equation  (9)  has  been 
successfully  coded  with  Equation  (3)  with  a  and  b  given  by  Equation  (7) 
as  part  of  a  program  to  get  symmetrized  combinations  of  spherical  multi¬ 
poles  centered  at  the  sites  of  a  molecule.  In  spite  of  the  occurrence  of 
complex  quantities,  we  were  also  able  to  implement  the  coding  to  reduce 
the  request  for  complex  computer  algebra  to  a  minimum. 


E 


LITERATURE  CITED 


1.  Thomson,  W. ,  and  Tait,  G.  P.  Treatise  on  Natural 
Philosophy.  Cambridge  University  Press,  Cambridge,  England.  1923. 

2.  Rose,  E.  M.  Elementary  Theory  of  Angular  Momentum. 

Wiley,  New  York.  1957. 

3.  Bassani,  G.  F.  and  Pastori-Parravicini,  G.  Electronic 
States  and  Optical  Transitions  in  Solids.  Pergamon  Press,  Oxford,  England. 
1975. 


4.  Hammermesh,  M.  Group  Theory.  Addison-Wesley ,  Reading, 
Massachusetts.  1962. 

5.  Goldstein,  H.  Classical  Mechanics.  Addison-Wesley,  Reading 


Massachusetts.  1962. 


DISTRIBUTION  LIST  FOR  ARDO-TR-83043 


Names 

Copies 

Names  Copies 

CHEMICAL  SYSTEMS  LABORATORY 

Defense  Advanced  Research  Projects  Agency 

ATTN: 

DRSMC-CLB  (A) 

1 

ATTN:  Dr.  Tegnella 

1 

ATTN: 

DRSMC-CLB-C  (A) 

1 

Washington,  DC  20301 

ATTN: 

DRSMC-CLB-P  (A) 

1 

ATTN: 

DRSMC-CLB-PS  (A) 

4 

Office  of  the  Director 

ATTN: 

DRSMC-CLB-R  (A) 

1 

Defense  Research  and  Engineering 

ATTN: 

DRSMC-CLB- T  (A) 

1 

ATTN:  Dr.  T.C.  Walsh,  R»  3D-1079 

1 

ATTN: 

ORSMC-CLB-TE  (A) 

1 

Washington,  DC  20310 

ATTN: 

DRSMC-CLC-B  (A) 

1 

ATTN: 

DRSMC-CLC-C  (A) 

1 

Advanced  Research  Projects  Agency 

1 

ATTN: 

DRSMC-CLF  (A) 

1 

1400  Wilson  Boulevard 

ATTN: 

ORSMC-CLJ-I L  (A) 

2 

Arlington,  VA  22209 

ATTN: 

DRSMC-CL J- 1 R  (A) 

1 

ATTN: 

DRSMC-CLJ-M  (A) 

1 

DEPARTMENT  OF  THE  ARMY 

ATTN: 

DRSMC-CL J-P  (A) 

1 

ATTN: 

ORSMC-CLN  (A) 

1 

HQDA 

ATTN: 

DRSMC-CL N-S  (A) 

1 

ATTN:  DAMO-NCC 

1 

ATTN: 

ORSMC-CLN-ST  (A) 

1 

ATTN:  DAMA-ARZ  (Dr.  Verdorame) 

1 

ATTN: 

DRSMC-CLR- 1  (A) 

1 

ATTN:  DAMI-FIT 

1 

ATTN: 

DRSMC-CLT  (A) 

1 

WASH  DC  20310 

ATTN: 

DRSMC-CLW-C  (A) 

1 

ATTN: 

DRSMC-CLY-A  (A) 

1 

HQDA 

ATTN: 

DRSMC-CLR- 1  (A) 

1 

Office  of  the  Deputy  Chief  of  Staff  for 

ATTN: 

ORSMC-CLY-R  (A) 

\ 

Research,  Development  &  Acquisition 

ATTN:  DAMA-CSS-C 

1 

COPIES 

FOR  AUTHOR! S) 

Washington,  DC  20310 

DRSMC-CLB-PS  (A) 

29 

RECORO 

COPY:  DRSMC-CLB-A  (A) 

1 

HQ  Sixth  US  Army 

ATTN:  AFKC-OP-NBC 

1 

DEPARTMENT  OF  OEFENSE 

Presidio  of  San  Francisco,  CA  94129 

Defense  Technical  Information  Cantor 

Commander 

ATTN: 

DT IC-DDA-2 

12 

DARC0M,  STITEUR 

Camaron  Station,  Building  3 

ATTN:  DRXST-ST 1 

1 

Alexandria,  VA  22314 

Box  48,  AP0  New  York  09710 

Director 

Commander 

Defense  Intelligence  Agency 

USASTCFEO 

ATTN: 

OB-461 

1 

ATTN:  MAJ  Mlkeworth 

1 

Washington,  DC  2030! 

APO  San  Francisco  96328 

Oeputy  Under  Secretary  of  Defense  for 

HQ,  5th  Infantry  Dlv 

Research  and  Engineering  (RAAT) 

ATTN:  Dlv  Cml  Off 

1 

ATTN: 

Or.  Musa 

1 

Ft  Polk,  VA  71459 

ATTN: 

COL  Friday 

1 

ATTN: 

COL  Winter 

1 

ATTN: 

Mr.  Thomas  Dash  tail 

1 

Washington,  DC  20301 

13 


Ar*y  Research  Office 

ATTN:  ORXRO-CB  (Dr.  R.  Ghlrardelll)  1 

ATTN:  ORXRO-GS  1 

ATTN:  Or.  N.  A.  Flood  1 

P.O.  Box  1221 1 

Research  Triangle  Park.  NC  27709 
HODA  OOUSA  (OR) 

ATTN:  Or.  H.  Fall  In  1 

Washington,  DC  20310 

HQOA  (DAMO-FDO) 

ATTN:  MAJ  C.  Col lat  1 

Washington,  OC  20310 

HQOA,  OCE 

ATTN:  DAEN-ROM  (Dr.  Gomez)  t 

Massachusetts  Ave,  NW 
Washington,  DC  20314 

Com Bander 

89th  Medical  Group  (P)  1 

3130  George  Washington  Blvd 
Wichita,  KS  67210 

OFFICE  OF  THE  SURGEON  GENERAL 


Commander 

US  Arey  Medical  Research  and 
Development  Command 

ATTN:  SGRD-UBD-AL  (Bldg  368)  1 

ATTN:  SGRD-UBG  (Mr.  Eaton)  1 

ATTN:  SGRD-UBG-OT  (CPT  Johnson)  1 

ATTN:  LTC  Don  Gensler  1 

Fort  Detrick.  MD  21701 


Commander 

US  Army  Medical  Bioengineering  Research 
and  Development  Laboretory 
ATTN:  SGRD-UBO-Al,  Bldg  368  1 

Fort  Detrtck,  Frederick,  M0  21701 

Commander 

USA  Medical  Research  Institute  of 
Chemical  Defense 

ATTN:  SGRO-UV-L  1 

Aberdeen  Proving  Ground,  M0  21010 


US  ARMY  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 

Commander 
HQ,  DARC0M 

ATTN:  DRCED  ( BG  Robinson)  1 

3001  Elsenhower  Ave. 

Alexandria,  VA  22333 


Commander 

US  Army  Materiel  Development  and 
Readiness  Command 

ATTN:  DRCDE-DM  1 

ATTN:  DRCMT  I 

ATTN:  DRCSF-P  1 

ATTN:  DRCSF-S  I 

ATTN:  DRCDL  (Mr.  N.  Klein)  1 

ATTN:  DRCDMD-ST  (Mr.  T.  Shi  rata)  1 

3001  Elsenhower  Ave 
Alexandria,  VA  22333 


Commander 

US  Army  Foreign  Science  &  Technology  Center 
ATTN:  DRXST-MT3  1 

ATTN:  DRXST-MT3  (Poleskl)  1 

220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

Director 

Human  Engineering  Laboratory 

ATTN:  DRXHE-IS  1 

Aberdeen  Proving  Ground,  MD  21003 

Commander 

US  Army  Natick  Research  and 
Development  Laboratories 
ATTN:  DRDNAr I TF  (Dr.  Roy  W.  Roth)  1 

Natick,  MA  01760 


D! rector 

DARC0M  Field  Safety  Activity 

ATTN:  DRXOS-SE  (Mr.  Yutmeyer)  1 

Charlestown,  IN  47111 

PM  Smoke/Obscurants 

ATTN:  DRCPM-SWC-E  (A.  Van  de  Wal)  1 

ATTN:  DRCPM-SMK-M  1 

ATTN:  DRCPM-S&K-T  1 


Aberdeen  Proving  Ground,  MD  21003 


14 


Ot rector 

US  Army  Material  Systems  Analysis  Activity 


ATTN:  DRXSY-MP  1 
ATTN:  DI«SY-CR  (Mr.  Mats)  1 
ATTN:  DRXSY-FJ  <J.  O'Bryon)  I 
ATTN:  DRXSY-GP  (Mr.  Fred  Caapball)  1 
Abardaan  Proving  Ground.  MO  21005 


USA  AVIATION  RESEARCH  ANO 
DEVELOPMENT  COMMAND 

01 ractor 

Appllad  Technology  Lab 
USARTL  (AVRADCOM) 


ATTN:  DAVDL-ATL-ASV  1 

ATTN:  DAVOL-ATL-ASW  1 

ATTN:  DAVDL-EV-MOS  (Mr.  Gllbart)  1 

Ft.  Eustls,  VA  23604 

Coaaandar 

USA  Avionics  RAD  Activity 

ATTN:  DAVAA-E  (M.  E.  Sonatag)  I 

Ft.  Monaouth,  NJ  07703 


USA  MISSILE  COMMAND 
Coaaandar 

US  Aray  Missile  Coaaand 
Director.  Energy  Directorate 
ATTN:  DRSMI-RHFT  I 

ATTN:  DRSMI-RMST  1 

ATTN:  DRSMI-YLA  (N.  C.  Katos)  I 

Redstone  Arsenal,  AL  35809 

Coaaandar 

US  Aray  Missile  Coaaand 
Redstone  Scientific  Inforaatlon  Center 
ATTN:  DRSHI-REO  (Mr.  Mldenhofer)  I 

ATTN:  ORSM I -RGT  (Mr.  Matt  Meddtx)  1 

ATTN:  DRSMI-RKL  (Dr.  N.  Wharton)  1 

ATTN:  DROMI-CGA  (Dr.  B.  Fowler)  I 

ATTN:  DROMI-TE  (Mr.  H.  Anderson)  1 

Redstone  Arsenal,  AL  35809 

Coaaandar 

US  Aray  Missile  Coaaand 
Redstone  Scientific  Inforaatlon  Center 
ATTN:  DRSMI-RPR  (Docuaents)  I 

Redstone  Arsenal,  AL  35809 


USA  COMMUNICATIONS-ELECTRONICS  COMMAND 
Coaaandar 

USA  Comauntcatlons-Electrontcs  Coaaand 
ATTN:  DRSEL-WL-S  (Mr.  J.  Charlton)  1 

Ft.  Monaouth,  NJ  07703 

Coaaandar 

USA  Electronics  Research  and 
Oevelopaent  Command 

ATTN:  DRDEL-CCM  (Dr.  J.  Scales)  1 

ATTN:  DELHD-RT-CB  (Dr.  Srtankay)  1 

AdelphI,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DRXDO-RCB  (Dr.  Donald  Wortman)  1 

ATTN:  DRXDO-RCB  (Dr.  Clyde  Morrison)  1 

ATTN:  DRXDO-RDC  (Mr.  D.  Gig  I  to)  1 

2800  Powder  Ml  1 1  Road 
AdelphI,  MD  20783 

Commander 

USA  Materials  &  Mechanics  Research  Center 
ATTN:  DRXMR-KA  (Dr.  Saul  Isserow)  1 

Watertown,  MA  02172 

Commander 

USA  Cold  Region  Research  Engineering  Laboratory 
ATTN:  George  Altken  1 

Hanover,  NH  03755 

Coaaander/DI rector 
Combat  Surveillance  and  Target 
Acquisition  Laboratory 
ERAOCOM 

ATTN:  DELCS-R  (E.  Frost)  1 

Ft.  Monmouth,  NJ  07703 

Dl rector 

Atmospheric  Sciences  Laboratory 
ATTN:  DELAS-AR  (H.  Holt)  1 

ATTN:  DELAS-AS  (Dr.  Charles  Bruce)  1 

ATTN:  DELAS-AS-P  (Mr.  Tom  Pries)  1 

ATTN:  DELAS-EO-EN  (Dr.  Donald  Snider)  1 

ATTN:  DELAS-EO-EN  (Mr.  James  Gillespie)  1 

ATTN:  DELAS-EO-ME  (Dr.  Frank  Nl les)  1 

ATTN:  DELAS-EO-ME  (Dr.  Ronald  Plnnlck)  1 

ATTN:  DELAS-E0-M0  (Dr.  Melvin  Heaps)  I 

ATTN:  DELAS-E0-M0  (Dr.  R.  Sutherland)  1 

ATTN:  DELAS-E0-S  (Dr.  Louis  Duncan)  1 

White  Sands  Missile  Range,  NM  88002 


15 


'5i.jpM.gi.sii.il 


■LlMLtlU.  J  LIU  1LI L  !  i  I  A'iV.  U'miP.W-1.  f.V 


US  AM*  ARMAMENT,  MUNITIONS  AW) 
CHEMICAL  COMMAND 

Com— nder 

US  Army  Ar— nt,  Munitions  and 


Cheat  ca I  Coaaand 

ATTN:  DRSMC-ASN  (R>  I 

ATTN:  DRSMC-IR I -A  (R)  1 

ATTN:  DRSMC-LEP-L  (R)  1 

ATTN:  ORSMC-SF  (R)  I 


Rock  Island,  IL  61299 
Co— andar 

US  A ray  Dugway  Proving  Ground 

ATTN:  Technical  Library  (Docu  Sect)  1 

Dugway,  UT  84022 

US  ARMY  ARMAMENT  RESEARCH  AND 
DEVELOPMENT  CENTER 

Co— and  I  ng  Officer 

Area want  Research  and  Oevelopaent  Center 
USA  AMCCOM 

ATTN:  DRSMC-LCA-L  (D)  1 

ATTN:  ORSMC-LCE  (0)  (Mr.  Scott  Morrow)  1 

ATTN:  DRSMC-LCE-C  <D)  1 

ATTN:  DRSMC-LCU-CE  (0)  1 

ATTN:  DRSMC-SCA-T  (D)  1 

ATTN:  ORSMC-SCF  (D)  I 

ATTN:  DRSMOSCP  (0)  1 

ATTN:  ORSMC-SCS  (0)  1 

ATTN:  DRSMC-TOC  (0)  (Or.  0.  Gyorog)  I 

ATTN:  ORSMC-TSS  (0)  2 

ATTN:  ORCPM-CANS-AM  (D)  1 

Dover,  NJ  07801 

Ar— nt  Research  and  Oevelopaent  Center 
USA  AMCCOM 

ATTN:  DRSMC-TSE-OA  (Robert  Thresher)  1 

National  Space  Technology  Laboratories 
NSTL  Station,  MS  39329 

Require— nts  and  Analysts  Off  tee 
Foreign  Intelligence  and  Threat 
Projection  Olvlslon 

ATTN:  DRSMORA l-C  (A)  1 

Aberdeen  Proving  Ground,  MO  21010 

Coe—  ndlng  Officer 

Ar— nt  Research  and  Oevelopaent  Center 
USA  AMCCOM 

ATTN:  DRSMC-QAC-D  (A)  (Mr.  Francis)  1 

ATTN:  ORSMC-QAC-E  (A)  1 

Aberd— n  Proving  Ground,  MO  21010 


Coeaandtng  Officer 

Armament  Research  and  Development  Center  (BRL) 
USA  AMCCOM 

ATTN:  DRSMC-BLB  (A)  1 

ATTN:  DRSMC-TSB-S  (A)  t 

Aberdeen  Proving  Ground,  MO  21005 

US  ARMY  TRAINING  &  OOCTRINE  COMMAND 

Commandant 

US  Army  Infantry  School 

ATTN:  CTOD,  CSD,  NBC  Branch  1 

Fort  Banning,  GA  31905 

Com— ndant 

US  Army  Missile  A  Munitions  Center 
and  School 

ATTN:  ATSK-CM  1 

Redstone  Arsenal,  AL  35809 

Comma  nder 

US  Army  Logistics  Center 

ATTN:  ATCL-MG  1 

Fort  Lee,  VA  23801 


Com— ndant 

US  Army  Chemical  School 

ATTN:  ATZN-CM-C  I 

ATTN:  ATZN-CM-AFL  2 

ATTN:  ATZN-CN-CDM  (Dr.  J.  Scully)  1 

ATTN:  Combat  Dev  Smoke  (CPT  Gray)  I 

Fort  McClellan,  AL  36203 


Com— nder 
USAAVNC 

ATTN:  ATZP-D-MS  1 

Fort  Rucker,  AL  36362 

Com— nder 

USA  Combined  Ar—  Center  and 


Fort  Leavenworth 

ATTN:  ATZL-CAM-IM  1 

Fort  Leavenworth,  KS  66027 

Com— nder 

US  Army  Infantry  Center 

ATTN:  ATSH-CO-MS-C  1 

ATTN:  ATSH-CD-MS-F  1 

ATTN:  ATZ  B-DPT-P  0-NBC  1 

Fort  Banning,  GA  31903 
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Commander 

USA  Training  and  Ooetrlna  Command 
ATTN:  ATCD-N 

ATTN:  ATCO-TEC  (Or.  N.  Pasta 0 

ATTN:  ATCD-Z 

Fort  Monro*,  VA  23651 

Commander 

US  Army  Armor  Cantar 
ATTN:  AT2K -CO-MS 
ATTN:  ATZK-PPT-PO-C 
Fort  Knox.  KY  40121 

Commander 

US  Army  TRADOC  Systaa  Analysis  Act Iv tty 
ATTN:  ATAA-SL 

ATTN:  ATAA-TOB  (L.  Dominguez) 

White  Sands  Mlsslla  Ranga,  NM  88002 

Commander 

USA  Flald  Artlllary  School 
ATTN:  ATSF-GD-RA 
Ft.  Sill,  OK  73503 

01 ractor 

USA  Concepts  Analysts  Agancy 
ATTN:  MOCA-SMC  (Hal  Hock) 

8120  Woodaont  Avenue 
Bethesda.  MO  20014 

US  ARMY  TEST  l  EVALUATION  COMMANO 

Commander 

US  Aray  Test  A  Evaluation  Comsnnd 
ATTN:  DRSTE-CM-F 
ATTN:  DRSTE-CT-T 
ATTN:  DRSTE-AD-M  (Warren  Batty) 
Aberdeen  Proving  Ground.  MO  21005 

Commander 
USA  EPG 

ATTN:  STEEP-MM-IS 

ATTN:  STEEP-MT-OS  (CPT  Oackar) 

Ft.  Huachuca.  AZ  85613 

Commender 

Dugvay  Proving  Ground 

ATTN:  STEOP-MT  (Or.  L.  Solomon) 

Ougway,  UT  64022 


DEPARTMENT  OF  THE  NAVY 
Cowsandar 

Naval  Research  Laboratory 

ATTN:  Coda  5709  (Mr.  W.  E.  Hovel  I)  1 

ATTN:  Code  6532  (Mr.  Curcto)  1 

ATTN:  Code  6532  (Mr.  Trusty)  1 

ATTN:  Code  6530-2  (Mr.  Gordon  Stama)  1 

ATTN:  Code  8320  (Dr.  Lothar  Ruhnke)  1 

ATTN:  Code  8326  (Dr.  Janas  Fitzgerald)  1 

ATTN:  Code  43202  (Dr.  Hermann  Garber)  1 

4555  Overlook  Avenue,  SW 
Washington,  DC  20375 

Chief,  Bureau  of  Medicine  &  Surgery 
Department  of  the  Navy 

ATTN:  MED  3C33  I 

Washington,  DC  20372 

Commander 

Naval  Air  Systems  Command 
ATTN:  Code  AIR- 30 1C  (Dr.  H.  Rosenvasser)  1 
ATTN:  Code  AIR-5363  (D.  C.  Caldwell)  1 
Washington,  DC  20361 

Commander 

Naval  Sea  Systems  Command 
ATTN:  SEA-62Y13  (LCDR  Richard  Gilbert)  1 
ATTN:  SEA-62Y21  (A.  Kanternan)  1 

ATTN:  SEA-62Y21  (LCDR  W.  Major)  1 

Washington,  DC  20362 

Project  Manager 

Theatre  Nuclear  Warfare  Project  Office 
ATTN:  PM-23  (Dr.  Patton)  1 

ATTN:  TN-09C  1 

Navy  Department 
Washington,  DC  20360 

Commander 

Naval  Surface  Weapons  Center 
Dehlgren  Laboratory 

ATTN:  DX-21  1 

ATTN:  Mr.  R.  L.  Hudson  1 

ATTN:  F-56  (Mr.  Douglas  Marker)  1 

Dehlgren,  VA  22448 

Commander 

Naval  Intel  I Igence  Suport  Center 
ATTN:  Code  434  (H.  P.  St.Aubln)  1 

4301  Su It  land  Road 
Sultlend,  MD  20390 
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Comm  fidar 

Naval  Explosive  Ordnance  Olsposal 
Tachnology  Cantor 
ATTN:  AC- 3 
Indian  Hoad,  NO  20640 

Of  # I car- 1 n-Charga 
Narlna  Corps  Detachment 
Naval  Exploslva  Ordnanca  Disposal 
Tachnology  Cantor 
Indian  Hoad,  MO  20640 

Commander 

Naval  Air  Development  Center 

ATTN:  Code  2012  (Or.  Robert  Helmbold) 

Naralnster.  PA  18974 

Commander 

Naval  Weapons  Center 

ATTN:  Code  3893  (L.  A.  Mathews) 

ATTN:  Code  3882  (Or.  C.  E.  Dfnerman) 
ATTN:  Code  3918  (Or.  Alex  Shtanta) 

China  Lake,  CA  93593 

Commending  Officer 
Naval  Weapons  Support  Center 
Applied  Sciences  Department 
ATTN:  Code  30C.  Bldg  190 

ATTN:  Code  502  (Carl  Lohkamp) 

ATTN:  Code  5063  (R.  Farren) 

Crane.  IN  47322 


HQ  AFSC/S0Z 

ATTN:  CPT  0.  Rledtger 
Andrews  AFB,  M0  20334 

1 

USAF  TAWC/THL 
Egltn  AFB,  FL  32342 

1  USAF  SC 

ATTN:  AD/YQ  (Dr.  A.  Vast  toff) 

ATTN:  AD/YQ0  (MAJ  Owens) 

Eg  I  In  AFB,  FL  32542 

AD/XR0 

Egltn  AFB,  FL  32542 

1 

Commander 

Hanscom  Air  Force  Base 
ATTN:  AFGL/LYC  (Dr.  Barnes) 

ATTN:  AFGL/P0A  (Or.  Frederick  Volz) 
1  Bedford,  MA  01731 

I 

1  Headquarters 

Tactical  Air  Command 
ATTN:  DRP 

Langley  AFB.  VA  23665 

AF0SR/NE 

1  ATTN:  MAJ  H.  Wlnsor 

t  Bolling  AFB,  DC  20332 

1 

OUTSIDE  AGENCIES 


US  MARINE  CORPS 

Commanding  General 
Marine  Corps  Development  and 
Education  Command 

ATTN:  Fire  Power  Division,  0091  1 

Quant  I co,  VA  22134 

DEPARTMENT  OF  THE  AIR  FORCE 

Depertment  of  the  Air  Force 
Headquarters  Foreign  Technology  Division 
ATTN:  TQTR  1 

Wr Ight-Patterson  AFB,  OH  45433 

AFAMRL/TS 

ATTN:  COL  Johnson  1 

Wr Ight-Patterson  AFB,  OH  45433 

AFWAL/F I  EEC  (Wendell  Banks)  1 

Wr Ight-Patterson  AFB,  OH  45433 


0SV  Field  Office 
P.O.  Box  1923 
Eglln  AFB,  FL  32542 

Battel le,  Columbus  Laboratories 
ATTN:  TACTEC 
509  King  Avenue 
Columbus,  OH  43201 

Toxicology  Information  Center,  JH  652 
National  Research  Council 
2101  Constitution  Ave. ,  NW 
Washington,  DC  20418 

Los  Alamos  National  Laboratory 
ATTN:  T-00T,  MS  B279  (S.  Gerstl) 

Los  Alamos,  NM  87545 

Institute  for  Defense  Analysis 
1801  N.  Beauregard  Street 
Alexandria,  VA  22311 


ADDITIONAL  ADDRESSEES 

Of  tie#  of  Missile  Electronic  Warfare 
ATTN:  DELEW- N-T-AC  (Ns  Arthur)  1 

Wilts  Sand*  Nlsstla  Range,  NM  88002 

US  Army  Nobility  Equipment  Rasaarch  and 
Development  Center 

ATTN:  DRONE-RT  (Nr.  0.  F.  Kazar)  1 

Fort  Be I  voir,  VA  22060 


DJ rector 

US  Night  Vision  and  E0  Laboratories 
ATTN:  ORSEL-NV-VI  (Dr.  R.  6.  Busar)  1 

ATTN:  DRSEL-NV-V I  (Nr.  R.  Bergemann)  I 

ATTN:  DELNV-VI  (Luanna  Obert)  1 

ATTN:  DELNV-L  (D.  N.  Spactor)  1 

Fort  Bel voir,  VA  23651 


Commandant 

Academy  of  Health  Sciences,  US  Army 
ATTN:  HSHA-CDH  1 

ATTN:  HSHA-IPM  2 

Fort  Sam  Houston,  TX  78234 

Science  Appl (cations  Inc. 

ATTN:  Dr.  Frederick  G.  Gebhardt  1 

3  Preston  Court 
Bedford,  MA  01730 

Science  Applications  Inc. 

ATTN:  Nr.  Robert  E.  Turner 

1010  Woodman  Drive,  Suite  200 
Dayton,  OH  45432 


Creative  Optics 
25  Washington  St 
Bedford,  NA  01730 

NcDonnell  Douglas  Astro  Co 
ATTN:  John  Adams  (A- 3-210, 1 1- 1) 

5301  Bo Isa  Ave 
Huntington  Beach,  CA  92647 

BND  Program  Office 
ATTN:  Dick  McAtee,  Rm.  7S14 
5001  Elsenhower  Ave 
Alexandria,  VA  22333 

Dr.  W.  Michael  Farmer,  Assoc  Prof,  Physics 
University  of  Tennessee  Space  Institute 
Tul lahoma,  TN  37388 
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